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Goals
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Introduction
Introduction
Exotic nuclei: Unstable systems rich in neutrons or protons.
11Li system rich in neutrons, half-life
τ1/2(β
−)= 8.6 ms.
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Introduction Goals
Goals
To measure elastic and break-up process of the reaction 11Li+208Pb
at energies around the Coulomb barrier (24.2 and 29.7 MeV.)
To understand the dynamics of the reaction induced by weakly bound
nucleus, 11Li, on a heavy target.
To obtain information about the structure of 11Li.
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11Li+208Pb experiment at TRIUMF, Canada
Experiment E1104
11Li+208Pb@24.2, 29.7 MeV - Beam rates 7000 11Li per second. Oct’08
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11Li+208Pb experiment at TRIUMF, Canada Experimental setup
Experimental setup
The detection system contained 4 particle
telescopes. In the bi-dimensional diagrams ∆E
versus E we can separate mass and charge.
DSSSD (Double Sided Silicon Strip
Detector): 16 horizontal x 16 vertical.
SSSSD (Single Sided Silicon Strip
Detector): 16 vertical.
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11Li+208Pb experiment at TRIUMF, Canada Experimental setup
Experimental setup
The detection system contained 4 particle
telescopes. In the bi-dimensional diagrams ∆E
versus E we can separate mass and charge.
DSSSD (Double Sided Silicon Strip
Detector): 16 horizontal x 16 vertical.
SSSSD (Single Sided Silicon Strip
Detector): 16 vertical.
detector thickness (∆E+E) angular range
DSSSD+PAD 1 40 + 500 µm 10°-40°
DSSSD+PAD 2 40 + 500 µm 30°-60°
SSSSD+DSSSD 3 20 + 60 µm 50°-100°
SSSSD+DSSSD 4 20 + 60 µm 90°-140°
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11Li+208Pb experiment at TRIUMF, Canada Experimental data
Experimental data - ∆E versus Etot
24.2 MeV
29.7 MeV
Detector 1 (30°) Detector 2 (47°)
dE+E (keV)










dE1vsE1tot - 24.2 MeV - angle=30
dE+E (keV)















dE2vsE2tot - 24.2 MeV - angle=47
dE+E (keV)















dE1vsE1tot - 29.7 MeV - angle=30
dE+E (keV)











dE2vsE2tot - 29.7 MeV - angle=47
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11Li+208Pb experiment at TRIUMF, Canada Experimental data
Experimental data - ∆E versus Etot
24.2 MeV
29.7 MeV
Detector 3 (58°) Detector 4 (130°)
dE+E (keV)















dE3vsE3tot - 24.2 MeV
dE+E (keV)













dE4vsE4tot - 24.2 MeV
dE+E (keV)













dE3vsE3tot - 29.7 MeV
dEvsE (keV)













dE4vsE4tot - 29.7 MeV
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11Li+208Pb experiment at TRIUMF, Canada Experimental data
Experimental data - Breakup probability
We defined the breakup probability: Pbu =
Nbu
Nbu+Nelast
24.2 MeV 29.7 MeV






























High breakup probability Pbu >60%.
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11Li+208Pb experiment at TRIUMF, Canada Theoretical calculations
Theoretical calculations
1 What mechanism produces the breakup of the nucleus ?
2 What can we learn about the 11Li structure ?
⇓ ⇓
We compare the experimental data with theoretical calculations.
J.P. Ferna´ndez-Garc´ıa — jpfernandez@us.es ( Departament of Atomic, Molecular and Nuclear PhysicsUniversity of Seville.)DREB 2012 - 11Li+208Pb reaction University of Seville 11 / 25
11Li+208Pb experiment at TRIUMF, Canada Theoretical calculations
Theoretical calculations
1 What mechanism produces the breakup of the nucleus ?
DIRECT BREAKUP
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11Li+208Pb experiment at TRIUMF, Canada Theoretical calculations
Theoretical calculations - DIRECT BREAKUP
Continuum-Discretized Coupled-Channels calculations(CDCC).
3-body model.
The breakup process is treated as an
inelastic excitation of the projectile.
Di-neutron model (9Li+2n) adjusted to
reproduce g.s. rms radius.
11Li structure models predict a dipole
resonance at low energies
With dipole resonance.
WithOUT dipole resonance.
4-body model presented by M. Rodriguez-Gallardo.
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11Li+208Pb experiment at TRIUMF, Canada Theoretical calculations
Theoretical calculations - DIRECT BREAKUP
Continuum-Discretized Coupled-Channels calculations(CDCC).
3-body model.
The breakup process is treated as an
inelastic excitation of the projectile.
Di-neutron model (9Li+2n) adjusted to
reproduce g.s. rms radius.
11Li structure models predict a dipole
resonance at low energies
With dipole resonance.
WithOUT dipole resonance.
4-body model presented by M. Rodriguez-Gallardo.
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11Li+208Pb experiment at TRIUMF, Canada Theoretical calculations
Theoretical calculations - 2n TRANSFER
DWBA.
Assume a neutron transfer mechanism
populating bound and unbound states of
the target.
Approximation to 1st order of the nuclear
and Coulomb couplings.
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11Li+208Pb experiment at TRIUMF, Canada Theoretical calculations
Theoretical calculations - Breakup probability
1 What mechanism produces the breakup of the nucleus ?














11Li + 208Pb @ 24.2MeV














11Li + 208Pb @ 29.7MeV
Present data are consistent with a direct breakup mechanism at small angles
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11Li+208Pb experiment at TRIUMF, Canada Theoretical calculations
Theoretical calculations - Energy distribution of 9Li fragments














































Present data are consistent with a direct breakup mechanism at small angles
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11Li+208Pb experiment at TRIUMF, Canada Theoretical calculations
Theoretical calculations - Resonance
Continuum-Discretized Coupled-Channels calculations(CDCC).
3-body model.
The breakup process is treated as an
inelastic excitation of the projectile.
Di-neutron model (9Li+2n) adjusted to
reproduce g.s. rms radius.
11Li structure models predict a dipole
resonance at low energies
With dipole resonance (∼ 0.4 MeV).
WithOUT dipole resonance.
4-body model presented by M. Rodriguez-Gallardo.
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11Li+208Pb experiment at TRIUMF, Canada Theoretical calculations
Theoretical calculations - Resonance














11Li + 208Pb @ 24.2MeV














11Li + 208Pb @ 29.7MeV
Present data supports a dipole resonance at low energies.
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Conclusions
Conclusions
We have measured 11Li on 208Pb at energies around the Coulomb barrier at
TRIUMF facility (Canada).
The set-up allowed us to separate elastically scattered 11Li from 9Li breakup
fragments in 11Li+ 208Pb reaction.
The preliminary data are well reproduced by CDCC calculations, suggesting
that, at small angles, these fragments are mainly produced by a
direct-breakup mechanism.
The preliminary data suggest a dipole resonance at low energies.
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Conclusions
*
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Conclusions

















RIKEN data: PRL96 (2006) 252502
Dineutron: no resonace
Dineutron: 1- resonance E
x
=0.94 MeV
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11Li + 208Pb @ 24.2MeV
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M. Cubero et al. Poster
3b-CDCC:with resonance
3b-CDCC: Without resonance
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DWBA
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